The cholesterol requirement of the freshwater prawn Macrobrachium rosenbergii, in terms of daily requirement (mg cholesterol/kg body weight/day), was assessed by the feeding experiment using casein-based diets with graded levels of supplemental cholesterol and by the analysis of carcass cholesterol. The prawn grew on a diet without supplemental cholesterol, and the body cholesterol was increased even in the prawn fed a cholesterol-free diet. However, the highest weight gain was obtained on the diet with 0.1 % supplemental cholesterol. These results indicated that the juvenile M. rosenbergii was capable of de novo cholesterol synthesis in contrast to other prawn species but required a dietary source of cholesterol for the maximum growth. When the diet containing 0.1% supplemental cholesterol was given to the prawn, it was suggested that dietary cholesterol was retained in the body at the rate of 0.065 mg/g body weight/day and the apparent body retention efficiency of dietary cholesterol was 83%. Based on the above results, when true feeding levels (or % ingestion of diet) are 7 to 3% of body weight, optimum dietary cholesterol levels for the juvenile M. rosenbergii are suggested to be 0.11 to 0.26% in diet under the experimental conditions adopted.
Most crustaceans including juveniles and larvae lack the ability to synthesize cholesterol from lower units such as acetate and mevalonate, and require cholesterol and other sterols for development, growth, and survival. [1] [2] [3] In the case of the freshwater prawn Macrobrachium rosenbergii, however, Briggs et al.4) reported that the supplement of cholesterol to semi-purified diets showed no growth promoting effect, apparently suggesting that this prawn does not require a dietary source of sterols. Since cholesterol is an important compound as cell constituents and precursors of steroid hormones and molting hor mones in crustaceans,1) the results of Briggs et al.4) foresee the possibility that M. rosenbergii is capable of synthesiz ing cholesterol de novo. If this assumption is true, M. rosenbergii is regarded as an exceptional species in the viewpoint of crustacean sterol nutrition. In the present study, therefore, we intended to reassess the qualitative and quantitative requirements of this prawn for cholesterol.
In crustaceans, optimum dietary cholesterol levels were mostly determined on the basis of growth data with graded levels of dietary cholesterol.1,2) However, the values deter mined by such a method obviously fluctuate with feed in take (or feeding level) and the water-stability of diets which will change with diet formulation. Therefore, we think that the requirements of cholesterol and possibly other nutrients for prawns including M. rosenbergii are better to be expressed as the quantity of nutrients required daily for the maximum growth or body nutrient retention (mg nutrient/kg body weight (BW) /day) as often adopt ed in mammals. Similar attempts have been conducted to estimate protein requirements in some fishes.5-9) Ogino8,9) has shown that the daily requirements (mg protein/kg BW/day) of proteins and amino acids per unit weight of the carp Cyprinus carpio and rainbow trout Oncorhyn chus mykiss could be estimated by a factorial method. His factorial method involves determinations of protein and amino acid required daily for both maintenance and maxi mum growth (or increases in body protein and amino acid) by carcass analyses along with feeding trials. We thought that similar factorial methods may be used to assess the re quirements of essential nutrients like cholesterol in crusta ceans. In the present study, therefore, we tried to ascertain by the factorial method whether the juvenile M. rosenber gii synthesizes cholesterol de novo and also to clarify the cholesterol requirement of this freshwater prawn, in terms of daily cholesterol needed for maximum growth.
Materials and Methods

Feeding Experiment
Feeding experiment was conducted to examine the effects of cholesterol supplement on weight gain, feed con version efficiency (FCE), and survival rates of the juvenile M. rosenbergii. The freshwater prawns were obtained from the Sata-cho Prawn Farm in Kagoshima, precultured with a commercial Penaeus monodon diet (Higashimaru Co., Ltd., Japan) for one week, and then reared with three test diets (Table 1) for 30 days under the conditions given in Table 2 . The rearing and feeding methods were similar to those of Koshio et al.10) The prawns, weighing 0.07 g in mean body weight, were fed three casein-based diets (diets CH-0, CH-0.1, and CH-0.5) with graded levels of sup plemental cholesterol (0, 0.1, and 0.5%). Duplicate poly carbonate tanks were assigned for each diet and set up ran domly in the wet laboratory. Diets were cut into small pieces and fed to the prawns before sun-set once a day. Diets were given to the prawns by the paired feeding Table 1 . Composition of test diets for M. rosenbergii (g/100 g dry diet)
*1 For each diet, feeding trial was conducted with duplicate tanks. * 2 BHT; butylated hydroxy toluene .
*3 TMA-HCI; trimethylarnine hydrochloride. Table 2 . Prawns used and rearing conditions *1 Recirculating system containing 11 l-water.* 2 Paired feeding method (control , test diet without supplemental cholesterol;
see Table 3 ).
method using diet CH-0 without supplemental cholesterol as a control diet. The paired feeding method was adopted to clarify the effect of dietary cholesterol levels on growth without considering the variation in feed intake among the diets, because it is not easy to measure quantities of diets ingested. The uneaten diets were carefully collected every morning to clean the tanks and to estimate daily the appar ent feed intake (diet given-diet uneaten) . Feeding rates were adjusted daily after measurement of apparent feed in take in each aquarium. Apparent feeding rates of test diets fluctuated daily within the range of 6 to 16% of body weight during the experimental period.
The results of feeding trials were statistically analyzed at the 5% level of significance .11) The weight gain and FCE data were analyzed by an analysis of variance,11) and then Duncan's multiple range test 12) was used to compare the data for the different diets. The survival data were ana lyzed by the Chi-square test .11) Determination of Cholesterol
Cholesterol contents of diets and prawn bodies were de termined by gas-liquid chromatography (GLC) on 1.5% OV-17 by the same method as reported previously13) as fol lows: Lipids were extracted from diet or prawn samples, saponified with ethanolic potassium hydroxide, and un saponifiable matters obtained were subjected to GLC. To quantify cholesterol content, 5a-cholestane was added to unsaponifiable matter prior to GLC as an internal stand ard. GLC analysis showed that a mixture of soybean oil and pollack liver oil (6:3, w/w) contained 0.1% cholesterol. Daily cholesterol requirement of the juvenile M. rosen bergii was tried to assess, according to a factorial method, by determining the quantity of body cholesterol on the as sumption that this prawn lacks the ability for de novo cholesterol synthesis. The daily increase in quantity of body cholesterol (mg/g prawn/day) was measured together with apparent cholesterol intake by 30 day-feed ing experiment. The cholesterol required for maintenance (M) will be estimated by the loss of body cholesterol in the prawns receiving a cholesterol-free diet which is obtained by extrapolation of the regression curve between dietary cholesterol levels and quantities of body cholesterol in creased during the feeding trial. The apparent daily body cholesterol increment (G) will be obtained when the prawns were fed a high quality diet which give a maximum growth. The true daily retention or increase in body cholesterol of the prawn (mg/ 100 g body weight/day) cor responds to the sum of G and M. The optimum dietary cholesterol level was expected to be assessed from true dai ly retention in body cholesterol in relation to feeding lev els.
Results Table 3 and Fig. 1 show the results of the feeding trial us ing the juvenile prawns, weighing 0.07 g in mean body weight, fed the test diets containing graded levels of sup plemental cholesterol (0, 0.1, and 0.5%). The survival rates of all groups after 30 days were more than 75%. Since the feeding trial was conducted by the paired feeding method, the apparent feed intake was not markedly differ ent among the dietary groups. The prawns grew even if they were fed the diet without supplemental cholesterol (diet CH-0; basal diet) which was found to contain 0.008% cholesterol in dry diet (Table 4) by GLC. The addi tion of 0.1% (diet CH-0.1) and 0.5% cholesterol (diet CH 0.5) to the basal diet increased significantly (p<0.05) the weight gain (%) and FCE. But no significant difference in the weight gain and FCE was found between the prawns fed diets CH-0.1 and CH-0.5. These data of feeding trial indicated that the inclusion of about 0.1% cholesterol in diet possibly met the requirement of M. rosenbergii for cholesterol. Table 4 shows the results of cholesterol analysis on the test diets and prawn bodies before and after a 30-day feed ing trial. The quantity of body cholesterol (mg/one prawn) was increased with increasing dietary cholesterol Teshima et al. level. The body cholesterol contents in the prawns fed diets CH-0, CH-0.1, and CH-0.5 increased at the rates of 0.05, 0.11, and 0.18 mg/g mean BW/day, respectively. The cholesterol needed for maintenance (M) is supposed to be estimated from the decrease of body cholesterol Table 3 . Results of the 30-day feeding trial *1Values within a raw followed by the same letter are not significantly different (p<0.05). Diets CH-0, CH-0.1, and CH-0.5 contained 0, 0.1, and 0.5% sup plemental cholesterol. *2 Apparent feed intake=Feed given (g)-Uneaten feed (g) . *3 FCE , feed conversion efficiency=Weight gain (g)/Apparent feed intake (g). when the prawn was fed a cholesterol-free diet. Contrary to our expectation, the body cholesterol of the prawn even on the cholesterol-free diet did not decrease but increased at a rate of 0.044 mg / g mean B W /day during the feeding period (Fig. 2) . This indicates that the juvenile M. rosen bergii is capable of de novo cholesterol synthesis. The opti mum growth of the prawn was obtained on diet CH-0.1. In the prawn receiving diet CH-0.1, the daily increase of body cholesterol was 0.11 mg / g BW / day (Table 5) , and the daily apparent cholesterol intake (mg/g mean BW/ day) was 0.078 (Table 4) . Therefore, the juvenile M. rosen bergii was conceived to require dietary sources of cholesterol for the maximum growth at the rate of 0.078 mg/ g BW / day (Table 5 ).
In the present study, although true feed intake (quantity of feed ingested actually) was not determined, apparent body retention (%) of dietary cholesterol was provisional ly calculated on the basis of the apparent feed intake and carcass cholesterol content. The apparent body cholesterol retention (%) so obtained was 83% when the prawn was fed diet CH-0.1 (Table 5 ).
Discussion
Briggs et al.4) demonsttraaated that a supplement of 0.5% and 1.0% choleterol to the semi-purified diet containing 0.12% cholesterol did not improve the growth of the juvenile M. rosenbergii, suggesting no or very low require ment of this freshwater prawn for cholesterol. The present study showed that the supplementation of cholesterol to the casein-based diet improved the growth of the freshwater prawn. We presume that the juvenile M. rosen bergii possesses the ability for de novo cholesterol synthe sis but the cholesterol requirement is not met by means of de novo synthesis. The dietary cholesterol requirement of juvenile M. rosenbergii for maximum growth estimated in the present study was about 0.078 mg/g BW/day. Obvi ously, the optimum dietary cholesterol level to meet the daily cholesterol requirement fluctuates with a feeding lev el and loss of diet before feeding and during mastication. But, it is generally difficult to measure the quantities of diets or nutrients ingested actually into the bodies in prawns including M. rosenbergii. In tracer experiments us ing radioactive sterols, we showed that although the juvenile P. japonicus appeared to consume a test diet com pletely, about 70% of the administrated sterols was actual ly ingested by the prawn.14) Considering the apparent feed intake (Table 4 ), we presumed that true feeding level in the juvenile M. rosenbergii weighing 0.07 to 0.17 g is possibly in the range of 3 to 7% of body weight. The optimum die tary cholesterol levels for M. rosenbergii will be about 0.26, 0.16 and 0.11% in diets when true feeding levels are 3, 5, and 7%, respectively (see Table 5 ). This showed that optimum dietary cholesterol requirement of M. rosenber gii was markedly lower than those of the prawn species such as P. japonicus (Table 5) . 1, 2) Although there is the disparity of reported optimum die tary cholesterol levels among various crustacean species, most crustaceans except the adult lobster H. americanus, 300-60o g in body weight,15) were found to require sterols.1,2) In most studies, however, conclusions on the cholesterol requirements were drawn on the basis of mainly growth data in feeding trials using test diets with graded levels of cholesterol. The optimum dietary cholesterol levels determined by such a method are obvi ously variable with feed intake and water-stability of diets which will change with diet formulation. Therefore, the optimum dietary cholesterol levels reported for various crustacean species do not always mean the species-specific difference in cholesterol requirement. In future studies, cholesterol requirement of each crustacean should be as sessed in terms of daily requirements (mg/BW/day) after measuring the quantity of diet ingested actually. 
